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A variable inductance continuous type tuner known as the Spiral Inductuner. Each coil 
shown has a variable wiper arm which serves as a shorting contact for the coil. 


Courtesy P. R. Mallory and Co., Inc. 
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Every failure is a step to success; every detection of 
what is false directs us toward what is true; every trial 
exhausts some tempting form of error. 

—William Whewell 


VHF TUNERS 


In the preceding lesson we de- 
scribed a number of television 
tuner fundamental circuits and 
their characteristics, along with 
some of the requirements regard- 
ing circuit and tube applications. 
Because of the many intricate 
mechanical arrangements and ex- 
ceptional considerations required 
in the manufacture of television 
tuners, this field has been given a 
lot of special attention. As a re- 
sult, most television receiver 
manufacturers today have turned 
to the specialized tuner manufac- 
turer to produce and supply the 
“front-end” or tuner unit for 
their receivers. Because of this 
factor, variations in tuner cir- 
cuits and assemblies among the 
many receivers on the market, 
are not as great as might be ex- 
pected. 


However, there are several dis- 
tinct types of commercial televi- 
sion VHF tuners in use. It will 
be the object of this lesson to de- 
scribe a typical tuner of each type 
so as to cover most of the VHF 
tuner arrangements used in tele- 
vision receivers today. 


In addition to variations in cir- 
cuitry, tuners also differ as to 
the method used for channel se- 
lection. There are two basic me- 
chanical methods of station se- 
lection. Those tuners using a 
method of circuit switching from 


channel to channel are referred 
to as “detent tuners”. They have 
a mechanical stop or catch ar- 
rangement in the switching mech- 
anism for each channel, which af- 
fords a positive action for selec- 
tion and, of necessity, maintains 
the switching position for accu- 
rate circuit contact. 


With this selection method the 
tuning from one channel to the 
next is accomplished by switch- 
ing different coils or capacitors, 
or both into the r-f, mixer, and 
oscillator circuits. 


The second method of channel 
selection uses some form of con- 
tinuous tuning from channel to 
channel. Some of these systems 
are similar to the tuning arrange- 
ments used in radio receivers. 
This type of tuner is referred to 
as the “continuous tuner’. With 
this system the inductance or 
capacitance of the r-f, mixer and 
oscillator circuits is varied grad- 
ually through its reception range. 


DETENT TUNERS 
Turret Mechanics 
One of the basic types of detent 
tuners uses a drum or turret sys- 


tem of channel selection such as 
shown in Figure 1. 


The tuner drum can be rotated 
to any one of the 12 VHF chan- 
nel positions by the selector shaft. 
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The detent roller and flat steel 
spring shown in Figure 1A hold 
the drum firmly in position, so 
that the coil strip contact points 
rest squarely against the tuner 
spring contact panel near the 
tube sockets. The spring contact 
panels can be seen in the picture 
of Figure 1B which shows the 
tuner right side up; the detent 
roller and spring are now on the 
other side of the tuner. 


The coil strips with their con- 
tacts shown in Figure 1A are 
easily removable for repair or re- 
placement. This turret tuner ac- 
tually carries 12 sets of antenna 
—r-f snap in coil strips and 12 
channel matching sets of mixer— 
oscillator snap in coil strips. In 
Figure 1C is shown a set of coil 
strips for channel 9. 


The coil strip on the right con- 
tains the signal input transformer 
for the channel. It is made up of 
the primary center-tapped anten- 
na coil that makes contact with 
the antenna transmission line to 
obtain the signal energy, and the 
secondary coil that couples the 
signal into the grid circuit of the 
r-f amplifier tube. The strip on 
the left contains the oscillator 
coil on the left end, the mixer in- 
put coil in the center and the r-f 
amplifier plate output coil on the 
right end. 

The spring clip just to the left 
of the oscillator coil engages the 
thread of the screw inside the coil 


form which can be adjusted by 
the service technician for channel 
alignment. This adjustment can 
be made from the front of the 
tuner as indicated by the holes 
for channel alignment in Figure 
1A. There are no adjustments in- 
side the other coils. 


Physically, when the coil as- 
semblies are in place, the turret 
has the form of a twelve-sided 
drum which may be rotated by a 
knob on the turret selector shaft 
so that, for the desired channel, 
the appropriate coils are brought 
into contact with the set of sta- 
tionary spring contacts which 
provide the connections to the an- 
tenna, RF amplifier, mixer, and 
oscillator circuits. The turret ar- 
rangement affords low stray ca- 
pacitance and lead inductance be- 
cause it makes possible very short 
connections through the contacts 
from the tuned circuits to the tube 
sockets. 


3-Stage Turret Tuner 


In Figure 2 is the circuit dia- 
gram of the “turret type” detent 
tuner manufactured by Standard 
Coil Products Company Inc. This, 
along with other models by Stand- 
Coil, appear in quite a number of 
different makes of television re- 
ceivers. 


It is a two-tube, 3 stage tuner, 
using a 7-pin miniature pentode 
such as the 6AG5, 6BC5 or 6CB6 
tube for the r-f amplifier stage, 
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and a 7-pin miniature duo-triode 
tube, 6J6. One triode section of 
the 6J6 serves as the mixer stage 
and the other section serves as 
the local oscillator stage. The col- 
ors noted in the diagram for the 
leads coming out of the tuner sub- 
chassis in Figure 2 are markings 
for identification when tracing 
the tuner circuits. 


Coils L,; and Lz of the input 
circuit compose the antenna input 
transformer for one channel, 
while coils L;, Ly and L; located 
between V, and V2 of the diagram 
are the r-f output, mixer and os- 
cillator coils respectively for that 
particular channel. 


Although the individual coils 
of each of the 12 sets have differ- 
ent inductances corresponding to 
the channel frequencies, the coils 
of each assembly have identical 
connections on the strips for the 
respective circuits. Thus, the dia- 
gram shows the coil strips of one 
channel in their proper positions 
which will be the same for all 
channels. Only a small portion of 
the upper and lower channel coil 
strips for the adjacent channels 
are shown, since they are out of 
all circuits during this particular 
channel selection. 


The television carrier signals 
are coupled from the 300 ohm 
transmission line to the V,; grid 
by the single tuned transformer 
L,Ly. The transformer secondary, 
Ly, is resonated by the tube input 


and circuit stray capacitances 
and is similar to the circuit de- 
scribed in the previous lesson. Rx 
loads the input circuit for proper 
bandwidth and antenna matching. 


The V, bias is obtained from 
an automatic gain control (age) 
bias circuit which is similar to the 
ave in radio receivers. The fil- 
tered age bias is applied through 
the isolation resistance R, to the 
bottom end of the grid load. 


Coil Ly in series with the fila- 
ment circuit is composed of wire 
heavy enough to carry the fila- 
ment current. It is made up of a 
few turns and serves as an r-f 
filter along with a 1000 pf cer- 
amic capacitor C,. A filter like 
this is usually found in the fila- 
ment leads of every high fre- 
quency stage and prevents un- 
wanted coupling between stages 
which occurs very readily along 
any length of wire at these fre- 
quencies. 


Thus, the combination of LsC,3 
in the 6J6 filament lead is an- 
other heater-circuit r-f filter 
which again prevents these high 
frequencies, that couple to the 
filament through the cathode-to- 
filament capacitance, from ap- 
pearing in other circuits of the 
tuner and receiver. In fact, if one 
of these ceramic capacitors were 
to open, the unwanted r-f in the 
filament leads could produce os- 
cillation, interference, and align- 
ment problems. 
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Figure 3A is an equivalent cir- 
cuit of the input portion of this 
tuner. C, and Cz, which are in 
parallel, are actually in series 
with the input capacitance of the 
r-f stage, Ci,, and together are 
part of a parallel resonant circuit 
involving the inductance L, and 
the distributed capacitance C, of 
any one of the 12 coils switched 
into position. 

If C, or Cz became defective, 
the input circuit would be de- 
tuned from the desired resonance 
resulting in a reduced signal out- 
put from the tuner. This is par- 
ticularly true on the higher chan- 
nels because Ly and C, have rela- 
tively low values making the oth- 
er capacitances in the circuit pro- 
portionally more effective. 


The tolerances on the twelve 
coils used in the Ly position for 
the various channels are some- 
what close because once the trim- 
mer adjustment of C, is made in 
the alignment of the tuner, it re- 
mains fixed. Thus, the switching 
in of the different coils, deter- 
mines the input circuit resonant 
frequency. 


The bandwidth of each fixed- 
tuned circuit is at least 6 me, 
which is produced by the close 
coupling between L, and Laz, fixed 
on the coil form, and the 3900 
ohm loading resistance Rg, in the 
tube grid circuit. 


Figure 3B is an equivalent cir- 
cuit of the output portion of the 


r-f amplifier. Again the circuit 
is a parallel resonant arrange- 
ment. C; and the tube interelec- 
trode capacitance C, are in paral- 
lel and together are in series with 
the 120 pyf ceramic capacitor Cx, 
to the bottom end of coil L;. Ca- 
pacitor C, also serves as a B+ r-f 
filter. Since the capacitance of Cx, 
is comparatively large, it has little 





This turret tuner is provided with complete 

shielding of tubes and circuits. Note the fine 

tuning capacitor mounted on the front is oper- 
ated by the outer shaft. 

Courtesy Standard Coil Products Co., Inc. 


effect on C, and Cy; across coil Ly 
other than to serve as coupling to 
complete this part of the resonant 
circuit. 


If Cy opened, the tuner could 
become unstable to a point of os- 
cillation; the L; circuit would be 
definitely detuned resulting in re- 
duced signal output from the 
tuner. If Cg shorted, a zero signal 
condition would be the result be- 
cause B+ would be shorted to 
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ground which would probably 
burn up Ry». Both parts could be 
replaced upon removal of the tur- 
ret from the tuner assembly. 


The additional capacitance for 
the final resonant condition to de- 
velop the channel signal is again 
found in the distributed capaci- 
tance of each of the coils switched 
into position. The 10 K resistor 
R, in the plate circuit serves as 
a loading resistance to help pro- 
vide the proper bandwidth. The 
television video and sound car- 
riers are coupled inductively from 
Ls to Ly. 


A portion of Figure 3C con- 
tains the equivalent input circuit 
of the mixer of the tuner which 
involves one triode section of the 
6J6. Parallel resonance again is 
the tuned circuit. It is composed 
of the input coil L, and the ca- 
pacitances C, and the variable C, 
paralleling C;,, both in series with 
Cy. Capacitor Cy is quite large and 
thus, in its series position, has 
only a small effect on the resonant 
condition. 


The main function of Cy is to 
couple the signal and at the same 
time provide grid leak bias along 
with the large grid resistance of 
R,; and R, to ground. Rs actually 
serves only as isolation from the 
main parallel tank for a test point. 


If Cy were to open, there would 
be no signal in the output of the 
tuner unless the stray capacitance 


was sufficient to supply a signal to 
the mixer grid; and then only a 
very weak output could result. 


The input coupling circuit uses 
a combination of resistance load- 
ing in the primary L; and over- 
coupling of L; and L, to provide 
the proper bandwidth. 


Attention is called to the fact 
that trimmer capacitors C., Cy 
and C;, which have an alignment 
variation of from .5 pyf to 3 ppf, 
have critical effect on the high 
frequency channels because of the 
very small distributed capacitance 
Cy across the few turns of the 
high channel coils. Actually, they 
are similar in effect to the trim- 
mers on a radio receiver. 


At the lower channel frequen- 
cies, 2 through 6, quite a number 
of turns are involved, in coils Ls, 
L; and Ly, making their distrib- 
uted capacitances comparatively 
large, and so the paralleling trim- 
mers have less alignment effect. 
Thus these particular tuner trim- 
mer aligning adjustments are 
usually set for optimum tuner 
output at one of the higher VHF 
channels such as, channel 9, 10 
or 11. 


The equivalent circuit for the 
output of the 6J6 triode section 
mixer is included in Figure 3C. 
The oscillator frequency along 
with all of the sound and video 
high carrier-frequency compo- 
nents of the r-f original signals 
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and their sums are eliminated by 
the r-f filter action of C,-Cis in 
conjunction with the mixer out- 
put tuned load. 


The output i-f signal actually 
appears in the series tuned reso- 
nant circuit including Lg, Cis, Cia, 
and C,+ Cig. Cis, a d-e blocking 
capacitor used for signal coupling, 
has no effect on the resonance of 
this circuit. If it were to open 
there would be no signal applied 
to the i-f section. Ly is aligned to 
resonate the circuit in the output 
of this tuner in the 20-30 me re- 
gion. Both the video i-f of 25.75 
mc and the sound i-f of 21.25 me 
appear with their sidebands in 
the resonant circuit, thus the 
bandwidth has to be relatively 
broad. 


This bandwidth is accomplished 
in part by the shunting effect of 
the 15 K plate resistor Ry lower- 
ing the Q of the circuit. The B+ 
ceramic filter capacitor C,; of 1000 
put effectively places Ry in the 
resonant circuit. The low plate re- 
sistance of V; parallels Ry from 
the grounded cathode which is 
also the bottom end of C;,, through 
the tube to the top end of Ly and 
thus adds to the shunting effect 
of Ry. This, along with any inher- 
ent resistance in the tuned circuit 
and any particular L/C ratio con- 
dition, as mentioned in previous 
lessons, provides the proper i-f 
bandwidth of this circuit. 


If any of the R, C, or L compo- 
nents in this circuit opened, the 
signal output in most instances 
would go to zero since they would 
interrupt or completely detune 
the signal. Should the by-pass C17 
open, the circuit would be unsta- 
ble and possibly oscillate; if sig- 
nals were present, the i-f response 
of the output tuned circuit would 
probably be too narrow and not 
pass both sound and video i-f’s 
because Ry would no longer be re- 
ferred to a-c ground to load the 
tuned circuit. 


Figure 3D is the equivalent cir- 
cuit of the Colpitts local oscillator 
in the tuner. One can see almost 
immediately why the Colpitts 
style oscillator is so popular for 
high frequency applications in the 
fact that ALL OF THE CAPACITANCES 
AROUND THE ENTIRE CIRCUIT CAN 
BE CONVENIENTLY INCORPORATED 
INTO ONE RESONANT TANK CIRCUIT, 
AND CHANNEL BAND SWITCHING 
BY COILS IS SIMPLIFIED, SINCE NO 
TAP IS REQUIRED FOR THE COILS. ». 


Cs 


In this particular oscillator cir- 
cuit, the total feedback capaci- 
tance is composed of C;, Cy, and 
Cy, plus C,, which makes up a 
portion of the tapped capacitance. 
The 10 ppf capacitor, C\, from 
grid to ground plus the total grid 
to cathode stray and interelec- 
trode capacity C;, represent the 
other portion of the tapped capac- 
itance for this Colpitts oscillator. 
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Capacitor Cy) serves two pur- 
poses in that it combines with the 
10 K resistance R; to provide grid 
leak bias for the oscillator and 
secondly, it blocks d-c from the 
plate circuit of the oscillator. 


Since oscillator efficiency drops 
off at the high frequencies due to 
reduced L/C ratio and transit- 
time effects, an alignment adjust- 
ment, which effects the oscillator 
feedback and L/C ratios, is made 
on the trimmer capacitor C; for 
oscillator peak performance; this 
is done in conjunction with the 
adjustment of the r-f and mixer 
trimmers on one of the high VHF 
channels mentioned previously. 


During the period of time while 
C; is being adjusted, the resonant 
frequency shifts extensively so 
that a compensating adjustment 
of L; will have to be made to keep 
the oscillator at the proper fre- 
quency for that desired channel. 
The proportional change of in- 
ductance will maintain the correct 
i-f difference away from the r-f 
signal appearing in Ly, so that 
the mixer output intermediate fre- 
quencies remain correct in order 
to be accepted by the mixer out- 


, put i-f circuit. For example, when 


C; is reduced then L; is increased ; 
this maintains the proper tank 
frequency and also improves its 
L/C ratio. 

The trimmer capacitor C;, like 
most tuner trimmers, is of the 
machine screw type, such as illus- 


trated in Figure 3E. Should the 
lock washer turn slightly to a 
loosened condition, the entire 
screw-trimmer unit will be loose 
and the ground return for the ca- 
pacitor will be poor. This will re- 
sult in erratic operation of the 
particular circuit concerned. It 
can cause, weak intermittent or 
noisy output from the tuner and, 
in cases where the circuit is ex- 
tensively detuned by the condi- 
tion, may result in no signal out- 
put at all. 


When this trimmer C; is finally 
fixed on a specific high channel, 
all the other oscillator coils, when 
in L; position, are adjusted to 
tune in their respective channels. 
These adjustments are made 
through a hole from the front of 
the tuner as shown in Figure 1A, 
until each channel is tuned in and 
set so that the fine tuning control 
Cy. provides the proper maximum 
to minimum fine adjustment effect 
on the channel. 


Returning to Figure 2, the fine 
or vernier tuning capacitor Cy». in 
this tuner, is composed of two 
stationary metal plates, one of 
which is a small metal dise mount- 
ed on, and insulated from, the 
metal sub-chassis on which the 
entire tuner is assembled. The 
other capacitor plate is a small 
rectangular metal bracket that is 
grounded to the front of the metal 
sub-chassis and mounted so that 
there is a space between it and 
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the insulated metal disc. Located 
between these two metal plates is 
a rotor which consists of a plastic 
dise of a very high dielectric con- 
stant. It has a constantly changing 
radius so that more or less of the 
dielectric material appears be- 
tween the plates as the shaft is 
rotated. 


Slight shifting of the tuner os- 
cillator frequency as a result of 
heat and aging can thereby be 
compensated for in this customer 
control fine tuning adjustment. 
The control produces an average 
change of only 2 or 3 mc on the 
lowest channel and about 18 me 
on channel 13. 


In many cases the fixed capaci- 
tor such as the 10 ppf, Cy, from 
the oscillator grid circuit to 
ground, is a negative temperature 
coefficient capacitor which main- 
tains the oscillator at a more ac- 
curate frequency as the tube and 
various parts in the circuit be- 
come heated. As this capacitor 
becomes warm, its capacitance re- 
duces somewhat to compensate 
for other capacitance increases. 


The oscillator signal is induc- 
tively coupled from its coil L; to 
the mixer input coil L; where it 
appears at the grid of the mixer 
together with the video and sound 
carriers of the desired channel. 
The signal from the oscillator 
must be relatively stronger than 
the strongest channel carriers so 
that the i-f signal amplitude out 


of the mixer plate circuit is de- 
pendent only upon the strength 
of the channel carriers. 


Servicing Pointers 


One of the main causes of trou- 
bles in electronic circuits is tube 
failure. Thus, if a television tuner 
should become defective in its 
output, such as being weak, inter- 
mittent, noisy, or having no out- 
put, its tubes should be checked 
first. 





The turret tuner can be easily disassembled 

with but a few operations. The snap-in coil 

strip containing the oscillator, mixer and r-f 

coils for channel 11 is shown removed from 

the turret. Note the matching spring-contact 

panel for the turret strips in the upper side 
of the chassis. 


Courtesy Standard Coil Products Co., Inc. 


Should the oscillator signal be- 
come weakened to an amplitude 
below the amplitude of the chan- 
nel carriers, the mixer output i-f 
signal amplitudes would be weak- 
ened proportionally which, in 
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turn, would reduce the sound and 
picture output of the receiver. 
Moreover the picture would be 
distorted. 


One of the general causes of a 
weak oscillator signal would be a 
weak oscillator tube. Since re- 
placement is simple, it should be 
the first component checked. 
Changes in supply voltages to the 
circuit can also reduce signal out- 
put and should be checked if nec- 
essary. A reduction in tuned cir- 
cuit Q, which will reduce the os- 
cillator or r-f signals, could be 
caused by poor connections on coil 
strips, tube socket, and other cir- 
cuit points. 


It is a simple matter in many 
tuners to go over the oscillator, 
r-f, and mixer connections with a 
hot soldering iron to eliminate 
tuner troubles. High resistance 
switch contacts also are responsi- 
ble for lowering circuit Q and 
should be cleaned with a commer- 
cial contact cleaner. 


Changes in parts values such as 
the RC grid leak bias components 
of an oscillator circuit also can 
reduce the output. In Figure 2, if 
a change occurs in one of the fixed 
capacitances of the oscillator tank 
circuit, the L/C ratio may be re- 
duced when readjusting L; to 
proper resonance. Therefore, the 
feedback ratio will be altered and 
so capacitor replacement and re- 
alignment would thus be required. 


Since some of the fixed capaci- 
tances exist in the interelectrode 
capacitance of the tube itself, the 
oscillator tube could be the reason 
for a misalignment and an im- 
proper L/C ratio of the oscillator 
tank and should again be checked 
first. There are comparatively few 
physical parts in the oscillator 
circuit and thus, parts substitu- 
tion of a suspected capacitor or 
resistor may sometimes be a very 
quick and effective means to tuner 
repair. 


Any physical damage to a tur- 
ret tuner is usually easily repaired 
since the entire tuner can be dis- 
assembled with a few simple oper- 
ations. If one of the coil strips is 
broken, poor reception or none at 
all will be the result on that chan- 
nel because the strip contact points 
cannot be held firmly against the 
circuit panel spring contacts. 
Easy replacement with a new 
strip will again provide proper 
signal coupling and tuner output. 


Intermittent signal or no signal 
output from the tuner on all chan- 
nels could be the result of the de- 
tent roller and spring being out of 
position or missing. If the detent 
unit is out of position, the turret 
will lock in so that the strips will 
all be off contact. If the detent 
roller is missing, the turret will 
rotate freely without any mechan- 
ical locking action which makes it 
difficult for the strips to hold 
firmly against the spring contacts. 
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These descriptions of the cir- 
cuits and mechanics of one of the 
popular tuners along with the 
servicing pointers, contain impor- 
tant analysis and technical points 
which are common to many other 
commercial tuner arrangements, 
and should be kept in mind dur- 
ing the remaining descriptions on 
other makes of tuners. 


Cascode Turret Tuner 


This cascode television tuner 
incorporates all of the features 
already described in this and the 
previous lesson. Employing the 
circuit shown in Figure 4, and 
manufactured by Standard Coil 
Products Co., is a two tube turret 
type unit in which V,V2 is a type 
6BQ7, 9-pin miniature, duo-triode 
r-f amplifier. V; is a type 6J6, 7- 
pin miniature, duo-triode. One sec- 
tion of V; is used as the mixer 
and the other as the oscillator. 
Thus, the two tubes incorporate 
4 stages. 


For tuning from channel to 
channel, the tuning coils Ly, Le, 
Ls, Ly, and L; of this circuit are 
again changed by means of the 
twelve-position turret that carries 
twelve sets of antenna snap-in 
coils and twelve sets of r-f, mixer- 
oscillator snap-in coils identical 
to the arrangement already de- 
scribed or just 12 sets of snap in 
coils where all of these coils for 
one channel are mounted on one 
form instead of two. Each set of 





coils is built as an assembly that 
may be removed easily for repair 
or replacement. In the Figure, L; 
and L. again represents the an- 
tenna coil, and L;, Ly, and L; rep- 
resent the coils for the r-f, mixer, 
and oscillator. 


By means of a 300 ohm trans- 
mission line, the signal is coupled 
from the antenna to the V; grid 
by single tuned transformer LL», 
the primary of which is center- 
tapped and grounded to balance 
the input. The transformer sec- 
ondary Ls is resonated by the dis- 
tributed capacitance of the coil, 
and the tube input and circuit 
stray capacitances in conjunction 
with Cis. It is loaded by Rs to 
broaden its response as described 
for Figure 3. The V, bias voltage 
is obtained from an automatic 
gain control (age) circuit and ap- 
plied through Ry to the low end 
of Le. 


Tubes V, and V2 are connected 
as a cascode coupled r-f amplifier 
discussed in the previous lesson. 
Triode V; is neutralized and ca- 
pacitor Cy, connected from the V, 
plate to the low end of Lz, pro- 
vides the neutralization. 


Tube V2 is operated as a ground- 
ed grid amplifier. The grid of V2 
is effectively at zero voltage with 
respect to its cathode by applying 
a positive voltage from the B+ 
voltage divider Ri, Re, and R;. 
The filter R;C; prevents signal 
variation in the grid of V2, thus 
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placing this grid at a-c ground 
for the grounded-grid amplifier 
application of the circuit. 


Capacitor C,,, between the cath- 
ode of V» and the plate circuit, 
has a capacitance of 1.5 puf and 
adds stability to this tuner in the 
form of neutralization for the V» 
stage. 





A view of the top of a television receiver 

chassis showing a two-tube television tuner 

sub-chassis in the front-right corner of the 
receiver. 


Courtesy Philco Corporation 


The signal is direct coupled 
from the plate of V,; to the cath- 
ode of Vs, and the required band- 
width is provided by the cascode 
amplifier input and output over- 
coupled and resistance loaded cir- 
cuits. 


The coupling between the V2 
plate and the grid of the mixer 
section of V; is by means of the 
double tuned transformer L;L,. 
The primary Ls, is tuned by the 
distributed capacitance of the coil, 





V. output capacitance, the circuit 
stray capacitance and the capaci- 
tance of C; to obtain the desired 
response characteristics. L, is 
tuned by the mixer capacitance 
plus the circuit stray and distrib- 
uted capacitances and that of Cy. 


Capacitor C; isolates the tube 
grid circuit from the low resist- 
ance coil and permits grid leak 
bias to be developed across R, and 
Ry. The mixer i-f output is ap- 
plied through the coupling capac- 
itor Cis to the grid of the i-f am- 
plifier stage. Connected between 
the mixer plate and ground, by- 
pass capacitor C; provides the 
easy path to ground for the r-f 
carrier oscillator and other high 
frequencies in the mixer output 
and serves in conjunction with 
the 6-turn coil Lio as a low-pass 
filter for the i-f’s. The fixed coil, 
L, and variable L,,; have quite a 
few more turns than Ly) and serve 
as the mixer output i-f tuned load, 
which again includes C; and the 
input capacitance of the i-f stage. 


The local oscillator of this tuner 
is again a Colpitts oscillator and 
is practically identical to the one 
described in the circuit of Figure 
2, with its equivalent diagram in 
Figure 3D. The only difference 
exists in the removal of the oscil- 
lator trimmer capacitor, C;, from 
Figures 2 and 3D. 

Thus, the capacitor Cx, to cath- 
ode, along with the fine tuning 
capacitor to ground or cathode, 
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serve as the physical tapped ca- 
pacitances across the oscillator 
coil L;. The other tank capacitance 
effects are the same as represent- 
ed in Figure 3D for the other 
tuner circuit. 


Adjustable from the front pan- 
el by an alignment tool, small 
brass screws are partially inserted 
into each oscillator coil to provide 
an adjustment of the oscillator 
coil inductance so that the oscil- 
lator frequency may be corrected 
for each channel. 


LeCe2 and LsCy2. along with C,; 
are filters in the heater circuits of 
Vi, V2, and V3; to keep r-f on the 
heaters from the other tubes in 
the receiver. 


3-Stage Bandswitch Tuner 


Employing pre-tuned wide-band 
transformers for each VHF chan- 
nel, the switch type tuner used in 
a television receiver is shown 
schematically in Figure 5A. Here, 
each of the transformers, T, to 
T1o, couples the output signal from 
y-f amplifier V; to the grid circuit 
of the mixer, Vs. Many of the 
transformer coils are mounted on 
the wafers of a bandswitch sim- 
ilar to Figure 8. 


To show the electric circuit for 
a particular channel, the connec- 
tions to transformer T, are drawn 
in the conventional manner in 
Figure 5B. As indicated here, the 
transformer primary and second- 


ary are magnetically coupled, but 
are isolated from the d-c circuits 
by blocking capacitors C3 and Cy. 
The V, plate connects to B+ 
through Re; which represents 
the total resistance of resistors 
R, and R,; of Figure 5A. 


The primary and _ secondary 
windings of each transformer are 
self-tuned to parallel resonance 
by the distributed and tube capac- 
itances to provide high L-to-C ra- 
tio and, therefore, higher stage 
gain. Trimmer capacitor C, is 
shunted across the primary and 
C2 across the secondary of each 
transformer to permit compensa- 
tion for differences of tube capac- 
itances when tube replacement is 
necessary. 


The i-f range of this tuner is 
in the 20 to 30 mc region, thus 
when switched to channel 2 (54- 
60 mc), the local oscillator will be 
operating at approximately 81 
me. If any r-f from an FM sta- 
tion, that is 20 to 26 me distant 
above the local oscillator, gets 
through to the mixer it will beat 
with the local oscillator frequen- 
cy to produce an interfering i-f, 
known as image interference. 
Therefore, on channel 2, coupling 
transformer T: is triple tuned for 
better attenuation of the image 
frequencies in the 88 to 108 mc 
FM broadcast band. Tuned line 
L;L,C;; is inductively coupled to 
the T. primary and secondary 
and tuned to the correct frequen- 
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cy by adjustable cores in L; and 
Ly. When properly tuned, the cou- 
pling circuit provides the response 
of the required bandwidth with 
comparatively steep sides. 


The tubes employed are a tri- 
ode connected pentode r-f ampli- 
fier, V1, and a double triode type 
12AT7, one section of which is 
used as the mixer V2. and the 
other as the high frequency oscil- 
lator Vs. With its suppressor and 
screen grids connected to the plate, 
V, operates as a triode in a 
grounded grid r-f amplifier cir- 
cuit. The purpose of this arrange- 
ment is threefold: it improves 
the signal-to-noise ratio, removes 
the necessity of neutralizing the 
amplifier stage and provides for a 
low input impedance. Although 
the noise output of a pentode is 
very high, when the tube is oper- 
ated as a pentode, by connecting 
the screen and suppressor grids 
to the plate, it exhibits the noise 
characteristics of a triode while 
retaining a high transconductance. 


To provide a practically con- 
stant impedance to the antenna 
transmission line at all frequen- 
cies, the line is connected through 
transformer T, into the low im- 
pedance of V;. This arrangement 
permits optirnum transfer of sig- 
nal from antenna to r-f amplifier 
for all 12 channels and matches 
the receiver to the transmission 
line. As shown, the T; primary is 
balanced to ground, thereby pro- 


viding cancellation of noise en- 
ergy picked up by the transmis- 
sion line. To prevent noise being 
capacitively coupled from primary 
to secondary, an_ electrostatic 
shield, shown as a dashed line, is 
incorporated between the wind- 
ings of this transformer. 


R, serves as the V; cathode 
bias resistor and is bypassed by 
capacitor Cy». Coil Ly is in series 
with V, to prevent the cathode 
circuit impedance from changing 
by the shunting effect of C.. When 
the station selector switch is set 
for any of the seven higher VHF 
channels, coil L; is connected in 
parallel with L» to reduce the to- 
tal inductance in the cathode cir- 
cuit and thus maintain the same 
impedance at the higher frequen- 
cies. Tuned to series resonance by 
the circuit input capacitance, 
peaking coil L, is employed to 
minimize the loss of signal 
strength at the higher television 
frequencies. C, is a d-e blocking 
capacitor that prevents the bias 
from being shorted to ground 
through the low d-c resistance of 
L, and the T,; secondary. 


From the V, plate, signal vari- 
ations are coupled through capac- 
itor C, to the primary of the se- 
lected transformer. Three of the 
r-f transformers, Ts, Ty, and Tyo, 
cover the upper 6 channels, each 
being designed with sufficiently 
broad bandwidth to accept two 
channels. From the secondary of 
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the selected transformer, the sig- 
nal is coupled through Cy, to the 
grid of mixer tube Vz. 


A large amplitude signal from 
the local oscillator is coupled 
through Cy» to the V2 grid circuit 
so that grid leak bias is developed 
across Rg. In the Vz plate circuit, 
the upper portion of T,, forms 
the primary of the first i-f trans- 
former and the lower portion, the 
secondary, with the center tap 
effectively grounded for the i-f 
frequency through capacitor C,,. 
Resistor R; is connected across 
the T,, primary to provide the 
necessary bandwidth for the i-f 
response. 


The Vs; circuit operates as a 
modified Colpitts oscillator like 
that described in the previous les- 
son, with the tapped capacitance 
formed by capacitor Cy and the 
plate-to-cathode capacitance C,, 
indicated by dotted lines. The tube 
plate is grounded for r-f by ca- 
pacitor C;. Choke L, maintains 
the cathode above ground for r-f 
voltages while providing a path 
to ground for the d-c plate cur- 
rent. 


The oscillator section of the 
station selector switch is ganged 
to the r-f amplifier and mixer sec- 
tions and operates to provide a 
different oscillator coil for each 
of the six channels, 2 through 7. 
Coil L,; is used for channels 8 and 
9, Ly, for channels 10 and 11, and 
L,; for channels 12 and 13. 
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Variable capacitor Cx is the fine 
tuning control and serves to tune 
the oscillator to the correct fre- 
quency for the selected channel. 
In the case of channels 8 to 13, Cs 
tunes the oscillator for one or the 
other of the two channels covered 
by each coil. 


Cascode Bandswitch Tuner 


Figure 6 shows a wafer-switch 
tuner used in a Zenith television 
receiver. It is a two-tube, 4-stage 
tuner using a 6BK7A, duo-triode, 
for the cascode r-f amplifier, and 
a 6U8, triode-pentode, for the os- 
cillator and mixer stages. Both 
tubes are of the 9-pin miniature 
type. 

This 3-wafer bandswitch type 
tuner has 12 switching positions 
for the 12 VHF channels, 2 
through 18. The 3 wafer sections 
are noted in Figure 6 from right 
to left as Oscillator, R-F Plate, 
and Antenna. 


As can be seen in Figure 8A, 
most of the inductances and other 
components are mounted on the 
tuner wafer sections. The oscilla- 
tor wafer assembly, physically at 
the front of the tuner unit, is 
composed of series inductances, 
which contain adjustable brass 
screw type cores that are acces- 
sible from the outside with the 
use of an alignment wrench for 
individual channel alignment. 


The mixer or r-f plate section 
which is the center wafer assem- 
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bly, and the antenna section which 
is the rear wafer assembly are 
each composed of fixed series in- 
ductances that may be adjusted 
for peak operation on channel, by 
a critical pushing or bending of 


The under chassis view of a type bandswitch 

VHF tuner employing brass core tuning adjust- 

ment for the coils. Note the tuner output is 

applied through a piece of coaxial cable to 
the i-f amplifier section. 

Courtesy Motorola, Inc. 


the individual coils. This is usual- 
ly done only in factory alignment, 
unless a tuner has been physically 
mistreated, or a wafer assembly 
has been replaced. 





The coil arrangement in this 
type of switch tuning is referred 
to as an incremental tuning meth- 
od; since, as the tuner is switched, 
for example, to lower channel fre- 
quencies, the inductances around 
each wafer assembly are added in 
series to lower the resonant fre- 
quency of the circuits. 


The antenna input of the tuner 
in the circuit of Figure 6 is bal- 
anced to ground, and has a 300 
ohm impedance in transformer 
Ty. The signal is applied through 
an i-f trap assembly in the 40 me 
to 50 me range. This prevents r-f 
signals in this frequency range, 
such as police communication etc., 
from getting into the 40 me range 
i-f amplifiers of the receiver and 
interfering with the sound and 
picture on all channels. 


The purpose of the 470 K resis- 
tors R,; and R, in the i-f trap as- 
sembly is to allow any static 
charge, that could build up on the 
antenna, to leak off to ground 
through T, primary. 


The switching arrangement in 
the diagram of Figure 6 is shown 
in the channel 13 position. The 
secondary of the input transform- 
er is tapped for the higher chan- 
nels, 7 through 13 (174 me— 216 
mc). In any of these higher chan- 
nel switch positions, the un- 
grounded end of T, secondary, 
which connects to point 6 of S3R, 
does not connect to any circuit. 
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Thus, with the switching ar- 
rangement as indicated for chan- 
nel 13, the channel signals are 
applied from the tap on the sec- 
ondary of T, to point 12 of the 
antenna wafer assembly, S3F. 
From there the channel signals go 
through the switch contacts to 
point 13 and then through the Ls 
channel 13 inductance, to the grid 
pin 7. 

The equivalent circuit of this 
input section, shown in Figure 
7A, is a resonant arrangement 
similar to that previously de- 
scribed in other tuner circuits. 
The lead inductance plus Ls in 
series with C;,, is series resonant 
at the desired channel r-f, and 
selects the signals from the sec- 
ondary of T). 


Since maximum signal voltage 
exists across the individual units 
of L and C of a series resonant 
circuit, the maximum signal con- 
dition which exists across C,, at 
resonance, conveniently appears 
at the grid of VIA. The 15 K re- 
sistor R;, with a signal return to 
ground through Cy, lowers the Q 
of this input tuned circuit to pro- 
vide for a bandwidth that will 
pass both video and sound r-f sig- 
nals in the proper passband. 


When the bandswitch in Fig- 
ure 6 is turned to lower channels 
an increased inductance is added 
in series with that used for chan- 
nel 13. For example, when the 
tuner is switched to channel 9, 


S3F will make contact from point 
8 to point 13. The channel r-f will 
again be applied from the tapped 
secondary to point 12 and then 
through the series added induct- 
ances from point 12 to point 8. 
From there the signal path goes 
to point 13 and through Ls to the 
grid of V1A. 


The high channel inductances 
in this antenna circuit are added 
in series only down through chan- 
nel 7 (174 mc—180 mc). Thus if 
any of the inductances should 
open between points 6 and 12 it 
would not effect low VHF chan- 
nel reception. Also, if an induct- 
ance opened on a junction be- 
tween points 7 and 8 of S3F, only 
channels 7 and 8 would be effected 
since the higher channel recep- 
tion uses less inductance in the 
switching arrangement. 


On the channel 6 (82 me — 88 
mc) position, S3F of the antenna 
switch assembly makes contact 
from points 5 to 138, thus re- 
moving any contact with the tap 
on T, secondary or the high VHF 
channel coils as indicated in Fig- 
ure 6. At the same time, S3R 
makes contact from points 6 to 7 
and provides an open at all other 
points which places the entire sec- 
ondary of T,; into the input cir- 
cuit. 


The path for the channel 6 r-f 
signals will be from the T, trans- 
former secondary to S3R points 
6 to 7. From there the r-f signals 
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are applied through Ly, since 
point 13 will be open, then to the 
S3F point 5, and thus to point 13, 
as mentioned in the preceding 
paragraph, and through Ls to the 
grid of V1A. The resonant input 
circuit now will be the lead in- 
ductance plus L, and Lg in series 
with the input capacitance of the 
stage. 


When the channel selector is 
rotated around to position 2, 
switch S3F will make contact 
from point 1 to point 13, and S8R 
continues to join points 6 and 7, 
while the others remain open. 
Thus, the r-f signals of channel 2 
will go from T, through S38R 
points 6 and 7, then through Ly, 
L;, Le, L;, and Lz to common point 
1 of S3R which is now open and 
then to point 1 of S8F. From 
there the signal path to point 13 
and through Ls to VIA grid again 
completes the series inductance 
circuit for resonance with the in- 
put capacity of the V1A stage. 


If channel 4 is desired, S3F will 
make contact from points 3 to 13 
and the channel signals will go 
through S8R points 6 and 7 and 
then through Ly, L; and L, to 
point 3 of S8F, from which the 
signal again continues to point 13 
and through Ls to the V1A Grid 
circuit. 

An open connection in the in- 
ductance between points 2 and 3 
of S8F would effect reception of 
the lower 2 channels since, again, 


less and less inductance is used 
for the upper channels. 


Stages V1A and V1B are incor- 
porated into a typical cascode r-f 
amplifier as described in the pre- 
vious cascode circuits. Cy from 
V1A plate to the T, secondary, is 
a neutralizing capacitor to reduce 
displacement current, and grid to 
plate capacitance effects on the 
input circuit. 


Since the gain of the stage is 
very low, an open Cy would only 
reduce signal and increase noise 
output in most cases. If it shorted, 
it would place a positive voltage 
through secondary T; onto the in- 
put grid pin 7 to saturate the tube 
and cause zero signal output. This 
might possibly damage the duo- 
triode tube and most likely burn 
out the V1B 1500 ohm plate resis- 
tor Ry, because the V1B cathode 
would be reduced from a positive 
potential of 110 volts to a low po- 
tential leaving the corresponding 
grid with a relatively high plus 
potential. 


The r-f plate or mixer wafer 
assembly between V1B and V2A 
of Figure 6, also uses the series 
inductance switching method for 
tuning the circuit to the desired 
channels. As shown for the chan- 
nel 13 position, S2F connects 
point 1 to point 13. Thus shorting 
all of the inductances in the wafer 
assembly, including S2R, that ap- 
pear in the tuned circuit for any 
of the lower channels. 
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The equivalent tuned circuit 
that exists between V1B and V2A 
for channel 13 is shown in Figure 
7B. The signal output of the cas- 
code amplifier V1B is applied into 
a resonant circuit comprised of 
all lead inductances plus Lis in 
series with the capacitances, C;, of 
V2A, and, by common ground re- 
turn, with C, + Ci: of the V1B 
stage. Again, at resonance the 
signal voltage will be maximum 
across C;, of the mixer stage for 
application to the grid. Re effec- 
tively lowers the Q of the circuit 
for a proper bandwidth. C.; and 
Cy, are comparatively large and 
thus pass all the r-f signals. C1; 
therefore, effectively places the 
one end of R, at ground potential 
and C,, serves as a coupling ca- 
pacitor. The small inductance be- 
tween points 12 and 13 is in series 
with R, for channel 13 only and 
provides a peaking action at this 
high VHF channel for improved 
response. 


When the tuner is switched to 
channel 9, S2F will connect point 
9 to 1. The closed resonant circuit 
is now inclusive of Ly, to point 1, 
from point 1 to point 9, then 
through the added series induct- 
ances from point 9 to point 13, 
from there through C,, and the 
common ground return to C, + 
Cy, and then back to Lis. Again 
a maximum signal voltage will 
appear across C;, at resonance for 
applying the channel signals to 
the grid of the mixer. 


On channel 2 position in Figure 
6, S2F switch is at point 2 and 
thus does not make contact be- 
tween any points, while S2R 
makes contact only from points 1 
to 2 which are always shorted. 
This places all of the inductances 
of the entire r-f plate assembly in 
series for a low resonant frequen- 
cy, as neither S2F or S2R short 
out any inductances in this case. 


The actual signal path includes 
Lig to S2R points 1 and 2, then 
through Ly3, Liz, Li, and Lio to 
point 6; from there through Lo, 
and an opening, or eyelet, in the 
wafer to the front side of the 
wafer and L,,; and then through 
all of the series inductances from 
point 8 to 13 of S2F which con- 
nects to the grid circuit of the 
mixer. 


Attention is called to the fact 
that all of the inductances in this 
r-f plate or mixer wafer assembly 
are added in series for channel 2 
except number 7 which was left 
out for purposes of better tuning, 
involving the channel 6 coils. 
Thus, an open connection in one 
of the coils, except for channel 7 
coil, will affect reception on all 
channels that require added in- 
ductances beyond that point. 


The oscillator signal of the tuner 
is applied into the mixer grid cir- 
cuit through capacitor, C,; from 
the plate of the V2B triode. The 
oscillator is of a series Colpitts 
type. Its equivalent circuit, when 
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switched to channel 13 is shown 
in Figure 7C. Switch S1F of the 
oscillator wafer assembly makes 
contact from points 13 to 2, thus 
shunting all of the inductances on 
the wafer. This places only Ly», 
L.; and any lead inductance into 
the circuit for the required high 
oscillator frequency. 


In most of the previous Colpitts 
type oscillators described, the os- 
cillator d-c plate current did not 
go through the inductance and 
thus, was referred to as shunt 
fed. However, in this circuit, the 
d-c for the oscillator tube goes 
through that portion of the in- 
ductance used in the tank circuit, 
for a series-fed arrangement. 


When the tuner is switched to 
channel 9, SIF makes contact 
from point 9 to point 2, and thus 
adds the inductances between 
points 9 and 13 of the wafer as- 
sembly into the tank circuit. No- 
tice that the tank circuit contin- 
ues to have a portion of its total 
capacitance tapped by C,. + Ci, 
and C,,. This holds true regard- 
less of which channel is selected. 


A portion of the inductance ar- 
rangements of the oscillator and 
antenna wafer assemblies are 
noted in Figure 6 as being stamp- 
ed inductances. A metallic surface 
is actually imprinted in the form 
of an inductance onto the wafer 
surface for production conven- 
ience, while the other inductances 
are the usual coils. A few other 


tuners have more complete print- 
ed circuit arrangements, but their 
circuits and mechanical applica- 
tions are comparable to the aver- 
age conditions described here. 


The main function of switch 
S1R of the wafer assembly is to 
insert Cy) into the oscillator tank 
circuit from channels 2 through 6 
for convenient tuning to the low 
VHF channels. In the oscillator 
switching assembly also, any de- 
fect in the wafer circuit will af- 
fect those channels requiring any 
added components beyond the in- 
terruption point. 

The mixer output is in the 40 
me range with the sound i-f at 
41.25 me and the video i-f, 45.75 
me. These intermediate frequen- 
cies appear in the converter plate 
coil Le; which couples into an 
intercarrier i-f system. 

Coil Ls, together with Cys, in 
the screen grid circuit of the 
mixer, series tunes the screen cir- 
cuit to ground. This series reso- 
nant trap condition prevents any 
signals in a relatively broad-tuned 
range from appearing on the 
screen grid and causing degener- 
ation of the mixer input signals. 
The coil is physically bent to ad- 
just the high-channel range for a 
good passband at the i-f output 
from those channels. The mixer 
bias is developed as usual by the 
signals applied to the grid, pro- 
ducing grid-leak bias in the dis- 
charge action of the coupling ca- 
pacitors through the 100 K, R,. 


Pitt emiay 


VHF Tuners 


Page 23 





Figures 8A and 8B comprise an 
exploded view of the Zenith cas- 
code bandswitch tuner. Should 
any of the wafer assemblies break 
or become otherwise defective, 
the entire assembly can be re- 
placed. Occasional cleansing of 
the switch contacts is necessary 
when the tuner becomes noisy or 
intermittent. 


The contacting inner sections 
of the three wafer assemblies 
forming the switches are mounted 
on small pieces of insulated mate- 
rial. Each has a centered rectan- 
gular hole through which the rec- 
tangular shaft is placed. After 
removal, before the tuner shaft is 
inserted, these contacting sections 
must be in alignment one behind 
the other and all rotated to the 
same channel contact points. 


The detent arrangement in a 
bandswitch tuner incorporates a 
ball bearing in a detent assembly, 
indicated in Figure 8B. Under 
spring tension, it is held firmly 
against the back side of the front 
plate and, as this assembly ro- 
tates with the selector shaft, the 
bearing slips into one of the 12 
holes in the plate to hold the shaft 
and switches at a particular point 
of rotation for one of the chan- 
nels. 


If the detent assembly is bro- 
ken or the bearing is lost, the 
shaft will rotate freely and the 
channel contact points of the 
wafer switches will be difficult to 


engage. Should the detent assem- 
bly be twisted out of position, the 
band switch will lock in between 
contact points and no signal will 
be received unless the switch is 
set somewhere between the incor- 
rect lockin points. 


The fine tuning assembly shown 
in Figure 8B is an eccentric fibre 
dise mounted on a short hollow 





This incremental bandswitch VHF tuner uses a 

6BC5 for the r-f stage and a 6J6 for the oscil- 

lator-mixer stages. Almost all of the induct- 

ances are mounted on the wafer assemblies. 

The oscillator tuned circuits are accessible 

through holes at the front of this subchassis 
for channel alignment. 


Courtesy Admiral Corporation 


shaft that fits over the main chan- 
nel selector shaft. As the disc is 
rotated, it changes the distance 
between two stator strips held 
against it by spring tension. They 
are electrically connected to the 
oscillator coil from the top of the 
assembly by two leads not shown 
and thus, as the distance between 
them is changed, the capacitance 
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changes and shifts the oscillator 
frequency. 


Figure 9A illustrates a front 
view of the tuner. Notice the 12 
holes for the application of the 
alignment wrench to the oscilla- 
tor coil adjustments for channels 
2 through 13. 


The four “feed-thru” capacitors 
noted in the illustration are sche- 
matically shown in Figure 6 as 
1000 ppf capacitors Cy, Cio, Cis 
and Cs. The “GMV” in this man- 
ufacturer’s diagram denotes a 
guaranteed minimum value of 
1000 ppf and the “F. T.” of course, 
stands for “feed-thru”. 


As indicated in Figure 9B, this 
type of capacitor is like an insu- 
lated tube with a solid rod through 
it whose circumference serves as 
one plate of the capacitor while 
an outside metallic coating which 
is grounded to the chassis, serves 
as the other plate of the capacitor. 
The insulating material used is 
usually a type of ceramic. 


In this tuner, these feed-thru 
capacitors provide connection 
points for leads from the main 
television chassis, while the feed- 
thru of Cig serves as a test point. 


CONTINUOUS TUNERS 


One of the basic methods of 
continuous tuning involves vary- 
ing the inductances of coils in 
tuned circuits by shorting out 


turns of the coils with mechan- 
ically ganged sliding contacts. 


Inductuner 


Developed by the Mallory Co. 
for television receivers, a unit 
called the “inductuner” employs 
continuously variable inductance 
tuning. This is accomplished by a 
variable inductor with sufficient 
range to tune continuously over 
the frequency band of 44 mc to 
216 me, thereby including all 12 
VHF television channels. 


One form of Inductuner, a por- 
tion of which is illustrated in Fig- 
ure 10, employs three such coils, 
all three being mounted on a sin- 
gle ceramic shaft and tunable 
continuously for nine turns of the 
shaft over an inductance range of 
from .02 to 1.0 microhenry. A 
sliding contact moves along each 
coil shorting out turns so as to 
change the circuit resonant fre- 
quency to the proper operating 
range for the desired channel. 


The schematic diagram of a 
television receiver input section 
that employs this type of tuner is 
shown in Figure 11 where the 
three ganged sections of the in- 
ductuner are enclosed by dashed 
lines. Like most tuners, the unit 
is constructed on a separate sub- 
chassis and contains three tubes: 
a duo-triode type 6J6 Vi, the sec- 
tions of which are operated in 
parallel as a grounded grid ampli- 
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fier; a pentode type 6AK5 mixer 
Vz», and another 6J6, one section 
of which is used as the oscillator 
V; and the other section is not 
used. 


The r-f signal is fed into the V; 
cathode circuit which is designed 
to match the impedance of the 72 
ohm co-axial transmission line. 
The r-f amplifier is coupled to the 
mixer grid through a double tuned 
circuit that employs two sections 
of the inductuner. Coils Li, Les, 
Lop; and L; are tuned by the shunt- 
ing capacitances due to the V; 
output capacitance, the V2 input 
capacitance and the coupling ca- 
pacitors C;, Cs, and C;. Coils L; 
and Ls provide the minimum in- 
ductance for the high frequency 
end of the television band. 


D-C blocking capacitors C, and 
Cs are employed to permit isolat- 
ing the inductuner from the V; 
d-c plate voltage and to permit 
the use of grid leak bias on V2 
while shunting L; and Le, with a 
comparatively small resistance at 
Ry. Resistors Re, Rs, Ry, and R; 
load the tuned circuits to provide 
the desired bandwidth. For prop- 
er adjustment of alignment, ca- 
pacitors C; and Cy are variable. 


The oscillator is a Colpitts cir- 
cuit and uses one-half of a 6J6, V3. 
The oscillation frequency is deter- 
mined by the resonant frequency 
of the tank circuit Ci, Ly, Ls, Cx, 
tapped capacitance C,, plus Cx 
and Ly., which is the third sec- 


tion of the inductuner. Coil L; 
provides the minimum inductance 
in series with the inductuner at 
the high end of the television band 
while L; and C,; provide for the 
proper oscillator tracking. Oscil- 
lator grid leak bias is developed 
by Ciz and Ry and the oscillator 
signal is coupled to the mixer 
grid through C,;. To prevent r-f 
on the tube heaters from reaching 
other tubes in the receiver, the 
heaters as usual, are bypassed by 
Cz, Cy, and C,;. The i-f output 
from the mixer is applied to the 
i-f amplifier for further amplifi- 
cation. 


Since this unit is able to tune 
to all frequencies between 44 mc 
and 216 me, it includes the FM 
band from 88 to 108 me. Thus, in 
the dual channel type of receivers 
where this tuner was used, the 
FM band was also indicated on 
the tuning dial and any FM sta- 
tions in the particular locality 
where the receiver was operating 
could be received. 


Mechanically, there are four 
sliding contacts for each induct- 
ance. They are indicated in the 
schematic of Figure 11 with vari- 
ous letters that correspond to the 
letters denoting these points in 
the illustration of Figure 10. 


For example, the four contact 
points for Ls, in Figure 10 are 
points Rpg, Ve, Xx and Cx. Point 
Rp rides against the circular end 
disc that continually ties one end 
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of Ly,, which is soldered to the 
fixed disc, to ground. Point Vz, 
the top of the metal slider, rides 
against the heavy wire of the coil 
and, as the shaft is rotated, fol- 
lows along the wire coil from one 
end to the other, shorting out 
more or less of the coil to point Xz. 


Point X, is actually a grooved 
metal plate extending under the 
full length of the coil and serves 
as the grounding track along 
which the slider rides back and 
forth. The high side of this coil, 
La,, is at the right at point Cp 
with a similar contact arrange- 
ment as at the opposite end of the 
coil. As the slider of this coil 
moves along the coil to the right, 
more and more of the coil is 
shorted out and Lz, inductance 
decreases. 


The other two coil assemblies, 
Ly, and Loc are mechanically iden- 
tical except that the coils are 
wound in the opposite direction 
so that any unshorted portion, or 
remaining inductance, is at the 
left end of the coils. Coil Lo, was 
reversed to provide for a better 
physical arrangement in the r-f 
amplifier circuit to maintain short 
leads, etc. Since Loc, is part of the 
ultraudion oscillator tank circuit, 
the leads from both ends of the 
coil remain ungrounded to con- 
form to the oscillator circuit in 
Figure 11. 


Occasionally, when this tuner 
becomes noisy or intermittent, it 


is the result of one or more of the 
12 total moving contact points be- 
coming dirty. A general applica- 
tion of contact cleaner to the three 
coil assemblies usually remedies 
the difficulty very quickly. 


The metal disc assembly toward 
the front of the tuner, as shown 
in Figure 10, is a rugged mechan- 
ical stop which prevents the tun- 
ing shaft from being rotated be- 
yond a point that would force the 
three coil sliders off the ends of 
the coils. The assembly is com- 
posed of a number of small metal 
discs with staggered metal tabs 
that butt one against the other as 
the shaft rotates, thereby piling 
up to a stopping point against the 
fixed metal disc on each end of the 
assembly. This allows a total of 
nine revolutions of shaft rotation 
and keeps the sliders within the 
ends of the coils. 


Spiral Inductuner 


A variation in the Mallory In- 
ductuner places three or four sets 
of ganged coils laid in ceramic 
forms into a concentric spiral ar- 
rangement as shown for one sec- 
tion of the ganged assembly in 
the illustration of Figure 12. The 
tuning shaft assembly and me- 
chanical stop arrangement is sim- 
ilar in nature to that illustrated 
in Figure 10 but the inductance is 
varied from maximum to mini- 
mum in 6 revolutions of shaft 
rotation and tunes from 52 mc 
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to 216 mc, which again includes 
the FM band. 


Each coil is fixed in place and 
a movable wiper arm, the main 
section of which is attached to 
the ceramic tuning shaft, works 
as a sliding, shorting contact at 
point Vz, Figure 12. The entire 
arm touches the coil of heavy wire 
only at point V, under the spring 
tension of the small section of the 
wiper arm. Point Rp serves as a 
continual return to point X, and 
is in the form of a sliding contact 
held firmly against the metal 
shoulder of the wiper arm by the 
spring tension of the metal strip 
between points Ry and X. 


This spiral tuning assembly is 
used in an electric arrangement 
similar to that of Figure 11 and 
also in a two tube arrangement 
such as in that of Figure 13, 
where the 7-pin miniature pen- 
tode 6CB6 is the r-f amplifier and 
the 9 pin miniature duo-triode 
12AT7 is the oscillator-mixer. 


The r-f signal is applied across 
a 72 ohm input in this circuit and 
then through C, of the high-pass 
filter composed of C,, Le, and Cs, 
to the first spiral tuned induct- 
ance, L;. The high pass filter pre- 
vents any interfering frequencies 
below 50 me from entering the 
receiver. 


Tunable L;, together with the 
end inductance, L; and the capac- 
itances of Cy + Cin, and C, forma 


resonant circuit at the desired 
channel frequency thus providing 
maximum signal across C,+C, at 
the grid of the r-f amplifier. The 
circuit tunes broadly to accept an 
entire channel because of the 
loading effect of the low input 
impedance of 72 ohms. 


The second section of the as- 
sembly, Ly, tunes the circuit be- 
tween the r-f plate of the 6CB6 
and the mixer grid of the 12AT7 
to parallel resonance with L; and 
all shunting capacitances present, 
which includes Cy, output and in- 
put capacitances of the two stages, 
and the distributed capacitance 
of the coils. 


The local oscillator is a Colpitts 
circuit with the tapped capacit- 
ance existing in the form of Cy. 
plus the plate capacitance to the 
grounded cathode and C;, plus the 
grid capacitance to the grounded 
cathode. 


Coil Ly paralleling Lip provides 
for correct tracking between the 
oscillator and the r-f signals on 
the low end of the dial, thus main- 
taining the i-f difference for the 
entire tuning range. It has an 
effect identical to a padder capac- 
itor or cut rotor ina radio receiver. 


Coil L;, in series with the oscil- 
lator coupling C,,; and the input 
capacitance of the mixer, provides 
a peaking arrangement for com- 
pensation on the high frequency 
end of the VHF band. 
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The frequency range of the i-f 
from the plate of the 12AT7 
mixer is in the 20 to 30 me region. 


The shield cover fitting over the 
tuning section of this tuner is 
easily removable for purposes of 
cleaning and repair, by untwist- 
ing three clips on one side of the 
cover. 


Another type of variable in- 
ductance tuning, uses a printed 
circuit method in circular printed 
metallic strips on wafer surfaces. 
A set of ganged sliding contacts 
short out more or less of the 
printed inductances in each of the 
stages of the tuner to select the 
desired channel. 


Variable Capacitance Tuner 


One type of variable capaci- 
tance type television tuner was 
manufactured by General Instru- 
ment Corporation. Electrically, 
the ganged capacitor sections per- 
form in the same manner as the 
ganged capacitance sections in a 
radio receiver. 


One circuit arrangement for 
the capacitance tuning unit is 
shown in Figure 15 which is a 
typical 3-stage circuit involving 
the usual pentode r-f, triode oscil- 
lator and triode mixer described 
in previous circuits. 


As can be seen in the picture of 
Figure 14A, some of the capaci- 
tive tuning gangs have a split 
plate section arrangement for 


each stage. Approximately 180° 
of the tuning shaft holds capaci- 
tor plates that are small in area 
or few in number while the oppo- 
site 180° of the shaft holds capac- 
itor plates that are large in area 
and have more capacitive effect 
for tuning in the low channel 
range. The tuning shaft is rotat- 
able on a 360° continuous ar- 
rangement. 


All of the small capacitor plate 
sections are electrically switched 
into the high channel circuits dur- 
ing the tuning of the high VHF 
channels from 7 to 13, while all 
the large capacitor plate sections 
are switched into the low-channel 
circuits for tuning channels 2 to 6. 


Other ganged capacitor tuners 
have only one grouping of plates 
and use fixed capacitors switched 
in series with the stators, along 
with a switching change in oper- 
ating inductances, to raise the 
resonant frequency of the circuits 
for the high VHF channels. 


In either case an automatic 2- 
position switching arrangement 
pictured under the coils in the 
unit in Figure 14B accomplishes 
the circuit change by being me- 
chanically coupled to the shaft ro- 
tation, so that a change in bands 
is initiated each time the rotor is 
tuned through a high to low band 
division. 

The “HI-LO” switching ar- 
rangement of S1A in the input 
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circuit of Figure 15, provides the 
equivalent condition shown in Fig- 
ure 16A during high-band chan- 
nel tuning. The circuit is parallel 
resonant tuned, which also in- 
cludes the input capacity of stage 
V1. The 100 p»pf coupling capaci- 
tor C;, isolates or blocks the grid 
circuit age voltage and prevents 
it from being shorted to ground 
through the extremely small d-c 
resistance in the few turns of L; 
and T;,. Incidentally, transformer 
T, is equipped with a grounded 
electrostatic shield to reduce ca- 
pacitive coupling of noise from 
the antenna circuit. 


The ganged switching arrange- 
ment in 82 and S83, as indicated 
in Figure 15, places C,; and Cy, in 
series with the tuning gang for 
high VHF band operation, along 
with the proper set of induct- 
ances, L2—L;, and the mutual im- 
pedance L,,, which is a length of 
wire to ground. Again the overall 
circuit is resonant with the out- 
put and input capacitances of the 
2 stages. 


The ganged switching arrange- 
ment in 8-4 and S-5 is in a typical 
Colpitts oscillator circuit and, in 
the high-band position as shown 
in Figure 15, switches the high- 
band coil, Ls, into the tuned cir- 
cuit as it shorts out the low-band 
coil, L;. It also places C2; in series 
with the tuned circuit for the 
over-all high-channel VHF cover- 
age. Capacitor C,; couples the os- 
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cillator signal to the grid pin 5 of 
the mixer. 


The equivalent input circuit for 
low VHF channel coverage is 
shown in Figure 16B. L, is now 
effectively out of the circuit being 
placed in series with R;. The full 
inductance of T, is now used in 
the parallel resonant circuit which 
is loaded by Rj, in series with the 
now ineffective L, to ground, for 
the proper channel passband. 





This continuous tuner is of the concentric spiral 
type using tubes such as a 6CB6 pentode r-f 
and a 12AT7 duo-triode, mixer-oscillator. A 
number of continuous tuners have a gear 
reduction arrangement similar to that in this 
tuning shaft assembly. 
Courtesy Allen B. DuMont Labs., Inc. 


Because of the somewhat re- 
duced L/C ratio during high-band 
operation, the 10 K resistance, Ro, 
in series with C,) to ground serves 
as sufficient loading for the prop- 
er pass-band in Figure 16A. 


On the low-band channels, 
switches S2 — $3 place the cou- 
pling network of Cz, Ly, Le, Ra, 
L; and C; into the circuit. Ry adds 
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resistance to the tuned circuit to 
broaden the passband. In both 
the high and low band circuits, an 
inductance L,, provides a common, 
or mutual, load for coupling the 
signals from the V, plate circuit 
to the V2A grid circuit. The .68 
ppf capacitance C2, between Vi 
and V2A, acts as additional cou- 
pling at the high channels. 


The ceramic trimmer capaci- 
tors Cg, Co, Cis, Cio, and C2», indi- 
cated in the tuner circuit are ad- 
justed during the alignment of 
the unit. The variable inductance 
Ly) in the output of the mixer is 
adjusted in the alignment of the 
receiver i-f response of the re- 
ceiver. 


In addition to the general serv- 
ice problems mentioned for pre- 
vious tuner circuits, a partially 
shorted capacitor section in the 
tuning gang may produce noisy or 
intermittent reception or no re- 
ception at all for various chan- 
nels depending how badly the sec- 
tion is shorting. With the few 
capacitor plates involved for each 
section, it is a relatively simple 
matter to clean and adjust them. 
If the 2-position band switch 
should become dirty, similar trou- 
bles will be encountered until a 
contact cleaning fluid is used. Re- 
ception of one band of channels 
and none on the other, might be 
the result of one of the band-coil 
circuits being open. 


In many cases where this type 
tuner was used, a mechanical de- 
tent plate was added to the shaft 
at the front of the tuner and 
aligned for a holding action on a 
ball bearing detent when the 
ganged rotor was turned to the 
proper point. This provided a pos- 
itive switch action for channel se- 
lection although tuning was ac- 
complished by means of variable 
capacitance. 


Permeability Tuner 


A system which varies the in- 
ductances of the tuned circuits by 
a method of moving powdered 
iron cores in and out of fixed coils 
is another principle of continuous 
tuning used in several makes of 
tuners. This form of tuning is re- 
ferred to as permeability tuning, 
and is that which has been used 
in radio receivers for quite a 
number of years. 


One type of permeability tuner 
unit is illustrated in Figure 17. 
The tuning gang is comprised of a 
treadle bar on which is mounted 
three sets of cores for tuning the 
oscillator, mixer, and r-f circuits. 


The treadle bar can be moved 
up or down by the cam arrange- 
ment of the tuning’ dial assembly 
and thus moves all the cores in or 
out of the fixed coils mounted in 
the unit. This changes their in- 
ductance for selection of the vari- 
ous channels. 
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A high-low band switching ar- 
rangement in the form of a 
ganged slider switch for applica- 
tion similar to the band switch- 
ing principle in the tuner de- 
scribed previously, is actuated by 
an offset portion from the side of 
the front and back cams mounted 
on the tuner shaft. Each set of 
cores is associated with a high- 
band coil and a low-band coil, thus 
only three of the six cores are 
performing a tuning function at 
any one time depending on the 
VHF channel band being tuned. 


The 3-stage permeability tuner 
circuit incorporates a 6AG5 r-f 
amplifier, and either the 7-pin 
miniature 6J6 or the 9-pin minia- 
ture 12AT7 for the mixer-oscil- 
lator stages. The cascode perme- 
ability tuner arrangement uses 
the 9-pin miniature 6BZ7 r-f am- 
plifier and the 9-pin miniature 
6U8 mixer-oscillator. 


In the four-tube permeability 
type tuner which was manufac- 
tured by Stromberg Carlson Co., 
a high-low band switching ar- 
rangement places the 6AG5 and 
6J6 circuits into operation for 
high-band VHF channel selection, 
and a 6BH6 anda 6J6 are switched 
into operation for low-band chan- 
nel selection. The ganged cores 
mounted on the treadle bars were 
made of powdered iron. 


Figure 18 is a circuit diagram 
of the 2-tube permeability tuner 
using a 6AG5 and a 12AT7 in the 





3-stage arrangement. Notice that 
the band switch is shown in the 
high-band position which places 
the high-band L, portion of the 
antenna transformer into the cir- 
cuit. 


The primary circuits of the in- 
put transformers are connected 
in series with C,-L, fixed and 
broad tuned to accept all the low- 
band channels and C.-L» fixed and 
broad tuned to accept all the low- 
band channels. The high-band 
channel frequencies pass through 
Cz of the low-band section with- 
out any hindrance to appear in 
the high band resonant circuit, 
while the low-band channel fre- 
quencies pass through the pri- 
mary coil of the high-band cir- 
cuit without being hindered to 
appear in the low-band resonant 
circuit. 


The broad-tuned condition is 
achieved on the high-band chan- 
nels as a result of a low L/C ratio, 
while for the low band, an extra 
swamping resistance in R, of 680 
ohms provides the broad accept- 
ance. 


The functioning permeability 
tuned inductances for high-band 
operation are L, and Lg in the r-f 
output and converter input cir- 
cuits, and L, in the oscillator cir- 
cuit. 


Ly, Cy plus high band adjust- 
ment C;, and the output capaci- 
tance of V, tune the signal from 
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the inductive load L; and apply it 
through the coupling capacitor 
Cy to the mixer grid tuned circuit 
of Lg, Cis, plus adjustable C,,, and 
the input capacitance of Vos. 


The voltage on the screen grid 
of the V1 r-f amplifier stage is 
reduced from B+ by a 1000 ohm 
resistor Rg and maintained at a 
steady level by the capacitor C; 
from pin 6 to ground. Should this 
1000 pwf capacitor open, a degen- 
erative condition will occur in the 
stage causing a reduced output of 
the signal from the plate circuit. 
In cases where the received sig- 
nal is already weak, the output of 
the receiver may then be too weak 
for a picture. 


Of course, if the capacitor 
should short, the output of the 
tuner will go to zero since B+ 
will be shorted to ground through 
Rg. In all probability in this case 
R, would burn up and the screen 
voltage would still be zero. A vis- 
ual inspection of the tuner is 
often effective in locating burned 
parts such as this. A complete re- 
pair would now require replace- 
ment of both the resistor and ca- 
pacitor. 


A shorted B supply and a con- 
sequent burned open resistance 
sometimes is caused by a defec- 
tive tube with a short between the 
screen and suppressor grids or 
other internal short to the low 
side of the B supply. Replacement 
of the defective tube would, of 


course, not put the tuner into op- 
eration until the resistor is also 
replaced. 


The oscillator is a Colpitts with 
Cz. in series with Cz; plus the out- 
put capacitance of V2B to ground 
for one side of the tapped capaci- 
tance, and C2, in series with C, 
to ground for the other portion 
of the tapped capacitance across 
the tuned inductance Ls. The os- 
cillator signal is coupled from the 
plate of the oscillator through the 
1 ppf Coo to the grid of the con- 
verter or mixer. 


The output load of the mixer, 
although not shown, is applied 
into the usual tuned circuit lead- 
ing into the i-f stage. 


An added consideration in this 
type of tuner is the screw adjust- 
ment of the cores on the treadle 
bar. Should the thread loosen and 
the vertical placement of a core 
be changed, the tuned circuit of 
that particular core will not track 
with the other circuits and will 
cause broad, inaccurate tuning; 
and weak or no reception. The 
quick remedy involves obtaining 
the manufacturers specifications 
on the dimension in inches of core 
adjustment into the coil at a cer- 
tain position of the tuning dial, 
then sealing this thread adjust- 
ment with cement on the treadle 
bar, and following through with 
the specific circuit alignment pro- 
cedure if necessary. 
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This lesson has described the 
common methods employed for 
VHF television tuners involving 
their circuits and also their me- 
chanical arrangements. The serv- 
icing points described hold true 
for all tuners of similar circuit 
and mechanical categories. 


Many of the VHF tuners have 
some kind of provision for UHF 
adaption which will be described 
in a later lesson on UHF tuners. 


In the final analysis, the main 
objective of any tuner is to select 
and increase the amplitude of the 
channel signals, and convert these 
r-f carriers to intermediate fre- 
quencies for further efficient am- 
plification in the following i-f 
stages of the receiver. 


The next lesson will describe 
the video i-f circuits and show 
what requirements are needed for 
good picture reproduction. 
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The ordinary fellow does an ordinary task, 
He's mighty fond of “good enough" and 
lets it g° at that; 


raise he doesn't ask, 

Has just ¢ little something more than hair 
beneath his hat. 

The ordinary fellow lives an ordinary day, 

with the ordinary fellow he js anxious to 
be quit; 


large weekly PCY 

Has a vision for the future and is working 
hard for it. 

The ordinary fellow does precisely as he's 


But someone has to tell him what to do, and 


en; 
But the chap who gets promoted fills the job 
he has to hold 
With just 4 little something more than ordi- 
nary men. 
—Edgar A. Guest 


Yours for success, 


WL kay 


DIRECTOR 


